Laboratory experiments were carried out to study Schiff-base condensation reactions between amines and formaldehyde that occur on inlet lines of emission monitoring instruments. Primary amines and formaldehyde were found to quickly react on inlet surfaces to form the respective Schiff-base condensation products. Secondary and tertiary amines did not react with formaldehyde. Schiff-base condensation reactions between primary amines and formaldehyde were also observed to occur on the 110 m long inlet line that connects the absorber stack of the amine-based PCCC facility at Mongstad to the FT-IR and PTRToF-MS emission monitors. Emissions of primary amines and formaldehyde may be underestimated if condensation reactions of these species in inlet lines are not taken into account. The PTR-ToF-MS monitor does, however, also quantitatively detect the Schiff-base condensation products, making it straightforward to derive the correct amine and formaldehyde concentrations in the amine wash gas.
Introduction
Amine and formaldehyde emissions from the amine-based PCCC facility at Mongstad are continuously monitored by FT-IR and at times also by PTR ToF-MS instruments. 1 Both analyzers sample from the absorber stack through a common 110 m long line. It is a well-known phenomenon that amines are detected with a significant delay when sampled through a long inlet line. Surfaces of inlet lines need to be coated with amines before these "sticky"
Available online at www.sciencedirect.com molecules are quantitatively transmitted to the analyzer. Different line materials and line temperatures have been tested at TCM for minimizing this delay. 2 Surface adsorption and desorption processes are purely physical in nature. Chemical losses have hitherto not been considered.
Formaldehyde, a common amine degradation product, reacts rapidly with primary amines such as MEA to form either an imine or oxazolidine (Schiff-base condensation mechanism, Scheme 1). In this work, we report the results from laboratory studies on surface reactions between formaldehyde and a series of amines. We show that amine-formaldehyde condensation reactions in instrument inlet lines may cause a significant underestimation of primary amine and formaldehyde concentrations in the amine wash gas. 
Nomenclature

Methods
A flow of air containing an amine at variable mixing ratio (123-615 ppbV) was mixed with a flow of air containing formaldehyde at a constant mixing ratio (1230 ppbV). The mixing ratios resemble upper emission levels at TCM. The mixture was flushed through a 2 m long, heated (100 °C), Silcosteel ® -coated stainless steel tube (1/4" OD) at a flow rate of 850 sccm. Apart from the length, the tube resembles the inlet tube at TCM. The outflow was fed to a PTR-TOF 8000 instrument (Ionicon Analytik GmbH, Innsbruck, Austria) which was run in its routine mode of operation. Table 1 summarizes the loss of amine and formaldehyde, respectively, which occurred in the inlet tube. Equal amounts of amine and formaldehyde were lost in the tube as expected from the mechanism presented in Scheme 1.
Results
The fraction of amine lost was found to be dependent upon the amount of amine that was injected into the tube. Table 2 summarizes the results from a series of experiments with different amines. A 1:1 amine-formaldehyde consumption was observed for all primary amines including NAEP, which contains one primary, one secondary and one tertiary amino group. In the case of EDA, which contains two primary amino groups, single condensation was found to prevail over double condensation. Some condensation products fragment in the PTR-ToF-MS instrument, which complicates the interpretation of mass spectra, especially if real emission streams are measured. 4. Discussion Figure 1a shows the mixing ratios of two amines (AmX and AmY) and formaldehyde as measured at the end of a 110 m long inlet line. Emission spikes in amines are accompanied by a drop in formaldehyde and a concurrent increase in the two respective amine-formaldehyde condensation products, AmXCP and AmYCP. Given that these were identified and quantified by PTR-ToF-MS, it was possible to add the amount of condensed amine and formaldehyde to the measured amount of these species. Figures 1b and 1c show the time traces of the apparent (measured) and corrected mixing ratios of formaldehyde and amines, respectively. For the period shown, emissions of AmX, AmY and formaldehyde increase by a factor of 70, 2 and 1.3, respectively.
Conclusions
Primary amines and formaldehyde condense in the inlet lines of measurement instruments. This leads to a significant underestimation of emissions of these substances from amine-based PCCC facilities. PTR-ToF-MS sensors also detect the condensation products, which make it straightforward to derive the correct amine and formaldehyde concentrations in the amine wash gas. 
